ABSTRACT: Several methods of Pristiphora abietina adults catching were compared (Malaise trap, white and yellow sticky boards, sweeping). The yellow sticky boards are handy in the field, and under the high population density appear to be a reliable method of detecting sawfly populations: 1. There was a statistically significant coincidence between the samples of Malaise traps and yellow sticky boards. 2. There was a highly significant linear correlation between the number of caught adults on five sticky boards and the degree of defoliation in seven localities. 3. We did not observe any statistically significant differences between the samples on yellow sticky boards taken in different intervals. To estimate the abundance of adults, it is sufficient to install yellow sticky boards before swarming and check them after the swarming. 4. No statistically significant differences were found between the catch means per board in line with different number of boards, it means with different distance, in both male and females.
Several outbreak areas of the little spruce sawfly (Pristiphora abietina [Christ 1791]), including thousands of hectares of spruce forests, have occurred in Europe. Every year the spraying of parts of these areas is necessary (e.g. PSCHORN-WALCHER 1982; LIŠKA et al. 1991) ; nevertheless, integrated pest management (IPM) has not been developed yet. Pristiphora abietina is usually monitored by estimating the density of cocoons in the soil (BOGENSCHÜTZ 1986; PSCHORN-WALCHER 1982) . However, this procedure is time consuming and not feasible at a large scale and is very unreliable (JANÁSEK 1964) . The method needs other evaluating study (BOGENSCHÜTZ 1986) . Therefore the first step to develop IPM is to find a reliable monitoring method.
Adults of the sawflies are generally attracted to yellow traps (MURHEAD-THOMPSON 1991) . For the monitoring of spruce web-spinning sawflies (Cephalcia spp.) some authors used yellow sticky boards (JENSEN 1988; CESCATTI, BATTISTI 1992) and correlated trap samples with the density of prepupae in soil (BATTISTI, RODEGHIERO 1998) . BERGER (1992) found out that Pristiphora abietina adults could also be attracted to yellow traps. These samples correlated with density of cocoons in soil.
To confirm the possibility of using the method of sticky boards as a predictor of damage and consequently to support the decision of applying the standard control methods, we have studied this method. The method of sticky boards was compared with other methods of adult as well as other aspects of the method of yellow sticky boards were investigated. Finally, the relation with a more representative indicator of the population size, which is the feeding of larvae, was searched.
MATERIALS AND METHODS

Study sites
Experiments were carried out in young Norway spruce (Picea abies [L.] Karst.) stands in the eastern part of the Czech Republic in 1998 and 1999 (Table 1) . Sawfly (Pikonema sp., Pristiphora sp.) larvae caused great damage there during the last 50 years (KOLU-BAJIV 1958; LIŠKA et al. 1991) . Trees were 2-4 m high. The places were situated at 230-700 m above sea level throughout the whole area (Table 1) .
Traps and trapping periods
In 1998, Malaise traps of TOWNES (1972) type (one per site), five white and five yellow sticky boards (at the distance of 5 m) were exposed on each of the eight studied plots. The traps consisted of yellow or white plastic boards 14.8 × 21 cm in size, coated on both sides with entomological glue (Chemstop ® ), and they were suspended from the top or from a branch at about 2 m above the ground. They were exposed on the southeastern side of trees.
Malaise traps were exposed in the interior of forest stand at least 30 m from the edge. We also used the method of sweeping on each plot, 100 sweeps per stationary 25 m long transect (each sweep per each step). The sweep net was 40 cm in diameter and the length of the stick was 50 cm, it means that the lower branches of the sunny woodland borders from the ground to the approximately 2.5 m were swept very well. All methods were used approximately at the distance of 20 m from each other. Every locality was visited every 3 days from April 18 th to June 6 th 1998, always at the same daytime.
In 1999, three methods (Malaise trap, 18 yellow sticky boards, sweeping) were used only in the locality Paskovský les. In this locality four parallel lines of 50 yellow sticky boards per line were placed, visited at different periods (3, 6, 9, 12 days). The boards were placed on every other tree. There were two free lines of trees between the board lines.
In two localities (Paskovský les and Čaplovec), we studied the influence of different distance of traps on the numbers of caught sawflies in 1999. The length of lines was the same (60 and 36 trees). In the first line, boards were placed on every tree. In the second line, boards were placed on every other tree. The distance between the first and the second line was one tree. Alike, in the third line, the distance between boards were two trees as well the distance between the second and the third line was two trees. The number of free trees between boards in the next line increased by one tree as well the distance between next lines was still larger. It means that boards were placed in the grid with increasing size of gaps ( Fig. 1 ). All traps were installed or used from mid-April to mid-June, it means long before adult emergence and long after the end of swarming.
The material is preserved in 70% alcohol (leg. J. HOLUŠA, coll. FGMRI Jíloviště-Strnady).
Determination of sawflies
For the identification of adults the works by BENEŠ and KŘÍSTEK (1979) and ZHELOKCHOVSEV (1988) were consulted. Sawflies were determined by J. HOLUŠA (genitalia of all specimens were checked). Some specimens were revised by L. ROLLER (Institute of Zoology, Slovak Academy of Sciences, Bratislava). Pristiphora abietina was a predominant species in the studied localities. The species composition of spruce tenthredinids studied by Malaise traps is presented and discussed in another paper (HOLUŠA 2002) .
Evaluation of feeding of larvae
The scale of damage to spruce was created to make the evaluation of insects feeding objective. On each of the 8 plots 100 trees were investigated to assess the percentage of defoliation of current year shoots of each whorl beginning from the top of the tree using 4 degrees: -very light defoliation -below 10% (value 0.1), -light defoliation 10-50% (value 1), -heavy defoliation 50-90% (value 2), -total defoliation over 90% (value 3). A damaged leader of the tree was evaluated by 1 (no feeding by 0). The values of defoliation of all whorls were accumulated per tree.
Statistical analyses
Data from all eight localities were arranged together as a rank (separately for males and females and methods). The homogeneity of trapping series variance was tested with the Bartlett's χ 2 . Because of heavy inequality of variance and non-normality of the sets (Box-Cox transformation on normality was not successful), non-parametric Kruskal-Wallis method was used for comparisons of means, followed by Dunn multiple comparison test (Unistat 5.1) (H 0 -we assume that catch means are equal). In all cases α = 0.05. The influence of the visit period's variability on the number of adults was tested in four lines with 50 traps in the same way.
Statistical analyses including correlation and regression analyses were performed with Statistica 6.0 (α = 0.05). To find a linear correlation the natural logarithm of adult number was used.
RESULTS
In 1998 the total of 2,866 adults of Pristiphora abietina and in 1999 the total of 219 adults of the same species were caught using Malaise traps, sweeping and yellow sticky boards. In 1998, no specimens were caught before 27 April and after 2 June, and in 1999, no specimens were caught before 27 April and after 30 May. In both years the differences in the variance of ranks (Table 2 ) are statistically significant. Only 28 adults were entrapped by white sticky boards in 1998. In 1998, the statistically significant difference was rejected only in the equalities of means of Malaise trap samples and yellow sticky board samples, for both males (according to Dunn test results q = 0.19, in all cases q crit = 2.40) and females (q = 0.53). In 1999, we do not reject H 0 in means of Malaise trap male samples and yellow sticky board samples (q = 0.39) and female sweeping samples and yellow sticky board samples (q = 0.15) ( Table 2 ).
In the test with four parallel lines with 50 yellow sticky boards the differences in the variance of ranks were statistically significant, but the difference between means was not statistically significant (we do not reject H 0 ) (Table 3 ; q crit = 2.64).
In the experiment with the decreasing number of boards the difference between of means was not statistically significant (we do not reject H 0 ) in either males or females in both localities (Tables 4 and 5 ; q crit = 3.12) except one comparison in males (Table 4).
In 1998, all defoliation data sets were non-normal because they were positively skewed and leptokurtic or platykurtic (Table 6 ). Box-Cox transformation on normality was not successful, therefore the defoliation distribution is shown by non-transformed means (Fig. 2) , but the medians were used as a di- Table 6 ). There was a highly significant relationship between the number of entrapped adults on five sticky boards and the degree of defoliation in seven localities (the locality Zámrklí was eliminated because the control measures were taken in the forests after the swarming) ( Fig. 3 ; r = 0.95** (ln)). The significant relationships were found for Malaise traps (r = 0.69*) and no relationships for sweeping (r = 0.26 n.s.; r 0.05 (6) = 0.67; r 0.01 (6) = 0.83).
DISCUSSION
The sweeping method is very time-consuming, depending on the moment sun-light and is restricted to the number of caught insects due to high vagility of adults, mainly males. On the other hand, Malaise traps are very effective for experimental purposes; however, they are useless in practise because sorting out the insects is time-consuming.
Malaise trap is a very effective method for catching smaller and more active sawflies (TAEGER, TAEGER 1997; LISTON 1995) . Therefore it is very suitable for the study of Pristiphora abietina flight activity (period of flight activity based on these data is discussed by HOLUŠA 1999). LISTON (1984) and ROLLER (1998) showed that sawfly males in samples were often more abundant. In our material the sex ratio varied among localities, which was probably a result of trap In the method of yellow sticky boards, natural logarithm of adults was used position and of the effect of microclimate (HOLUŠA 2002) . White sticky boards are not attractive to Pristiphora abietina adults. All 28 caught specimens were found in the period of peak swarming. Their presence was probably a coincidence. On the other hand, yellow sticky boards are very effective even for swarming observations because a highly significant relationship was observed between samples of yellow sticky boards and Malaise traps (in 1998 in both sexes, in 1999 in males). The relationship between sweeping and yellow sticky boards in female samples is the result of a very low number of caught specimens.
The defoliation of trees in all localities varied considerably. The parts of trees that bud before or after swarming escaped defoliation because females lay eggs only during bud break. In all evaluated lines, several tree clusters of damaged and undamaged trees alternated, but the majority of trees were damaged slightly, which is a reason for the left-side distribution of sets. Upper whorls were more intensively defoliated and the degree of defoliation decreased towards the tree foot. The defoliation of older whorls was lower in all localities. It was a result of the behaviour of adults that fly mainly around the upper part of crowns.
There is a high significant relationship between the number of caught adults on sticky boards and the degree of defoliation in localities. This suggests that yellow sticky boards method could be used in integrated pest management. In contrast to Malaise trap, yellow sticky boards were placed directly in the space of sawfly swarming and their higher number eliminates the positional effect. It is probably a reason of lesser significant relationship in relation to the degree of defoliation.
We did not observe any statistically significant differences between samples taken in different intervals. To estimate the abundance of adults it is sufficient to install yellow sticky boards before swarming and check them after the end of swarming. The relationship between the number of specimens and the length of visit interval could exist because of the possible sex pheromone presence in Pristiphora abietina. If a newly emerged female is caught on a trap and remains alive, it may attract a large number of males (see BATTISTI, RODEGHIERO 1998). The presence of sex pheromone was observed in harmful sawflies in Northern America (see ANDERBRANT 1993) . Recently its presence was also confirmed in Cephalcia abietis (Linné, 1758) , too (GRUPPE, NISSLEIN 1996) . In some species the presence of sex pheromone was observed in both laboratory and field tests (COP-PEL et al. 1960; JEWETT et al. 1976; LÖFQVIST 1986; OLAIFA et al. 1987 OLAIFA et al. , 1988 . There is a possibility of sex pheromone existence in other sawflies.
There is an important problem to solve. What number of traps is necessary to ascertain the signifi- cant abundance of sawflies? In 1998, the numbers of specimens caught on five sticky boards were high but the variance was so high that it was impossible to find the necessary rank of boards. In 1999, the population density and consequently the number of caught adults were low in other thirteen non-mentioned localities (due to the control measures in the previous year -see HOLUŠA and ŠVESTKA [2000] -as well as poor quality of the glue). But probably under the condition of the high population density, yellow sticky boards appear to be a reliable method of detecting sawfly populations. It is not important how many boards are used to monitor the sawfly in the line of the same length because no significant equality of catch means was found almost in all cases. Several dozens boards will probably be necessary to ascertain the sawfly abundance. The installation of a board on every other or third tree could be perfect. In this case, the monitored line is able to catch almost the whole young spruce stands in the studied area.
This monitoring tool appears to be more useful than the traditional methods, such as soil sampling and emergence traps. žující absolutní plochu plošky, a to neuvažujeme
